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Abstract 
The present paper brings its contribution to the investigation on the use of a new binder, in the form of anhydrous 
calcium sulphate, as partial replacement of the ordinary Portland cement in concrete. The eco-binder is obtained 
exclusively from industrial wastes and can be entirely recycled after its expiration date. The results obtained so far 
show a decrease in the flexural and compressive strengths of mortars with small replacing percentages of anhydrous 
calcium sulphate. However, the flexural strength increases tremendously for higher percentages of anhydrous calcium 
sulphate. Slight gains in the values of the compressive strength were also observed for the considered specimens. 
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1. Introduction 
The production on cement alone has increased dramatically over the last century due to a continuous 
demand for concrete. According to a U.S. Geological Survey statistic report, the cement production 
increased, worldwide, from 62.4 million tons, in 1926, to 3.06 billion tons, in 2009. More than 50% of the 
reported increase took place over the last 12 years. Taking into account that the concrete industry is the 
largest consumer of natural resources in the world, one could only imagine the environmental burden the 
construction industry creates [1, 2]. Due to the increased awareness on the environmental impact of the 
construction industry [3, 4] extensive efforts have been put to reduce the CO2 emissions. 
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Concrete is the most widely used construction material. This is due mainly to its low maintenance 
costs. In spite of minor and temporary setbacks, e.g. freezing and thawing resistance, alkali-silica reaction, 
concrete is still the material of choice when it comes to severe exposure conditions. However, perhaps the 
biggest advantage of modern concrete is the possibility of including other industrial byproducts into the 
concrete mix [5]. This leads to the possibility of creating new, hybrid, materials with tailored mechanical 
properties to meet any possible requirements. Considerable research effort has been put to develop 
concretes with large volumes of fly ash [6, 7]. Ground granulated blast furnace slag has also found its use 
as partial replacement of Portland cement and also as aggregate [8]. The huge success silica fume has as 
pozzolan and filler material [9, 10] is another example of this great advantage of concrete.  
Taking into account that demolition waste generates around 300 million tons of debris per year in the 
United States alone [5] it becomes clear that storing these solid wastes in landfills is no longer a viable 
option. Extensive research has been conducted in the field of using the solid wastes generated by the 
construction industry as recycled aggregates for concrete [11, 12]. 
The present paper brings its contribution to the investigation on the use of a new binder, in the form of 
anhydrous calcium sulphate, as partial or total replacement of the ordinary Portland cement in concrete. 
Nowadays there is still little research related to the total replacement of the ordinary Portland cement 
(OPC) by equivalent binders. The anhydrous calcium sulphate (ACS) based binder is obtained 
exclusively from industrial wastes and can be entirely recycled after its expiration date. Its production 
does not involve any CO2 emissions either. 
The results presented herein are part of a larger research project related to the use of eco-materials for 
the structural rehabilitations of buildings located in seismic areas. The influence of the ACS on the 
mechanical properties of mortars with mineral matrix is investigated for different percentages of OPC 
replacement. The second parameter of the research was the maximum grain size of the sand part. The 
main focus was on the flexural strength and on the compressive strength. The mechanical characteristics 
were determined according to SR EN 196-1:2006 [13] provisions at different curing ages of the mortar 
specimens.  
• Materials and Experimental Methodology 
• Anhydrous Calcium Sulphate (Green-Binder) 
• The anhydrous calcium sulphate was used as a replacement for the cement. The percentages used in 
this research were: 10%, 15% and 20%. Together with the cement, the ACS is used to obtain a more 
eco-friendly binder for mineral matrices. The anhydrous calcium sulphate, in the form of β anhydrite 
III’ [14], was obtained from industrial wastes, most of them unrecyclable such as: phosphogypsum 
(industrial waste from the production of phosphoric acid, a key ingredient for fertilizers and 
detergents), flue gas desulphurization gypsum, FGD (industrial waste from coal fire power plants), 
lactogypsum (industrial waste from the production of lactic acid, used mainly in food preservatives), 
a.s.o.  
• According to the invention patent [14], the production of ACS involves low temperatures and no CO2 
emission at all. Moreover, it is entirely recyclable after its expiration date. The grain size ranges from 5 
μm to 100 μm and the surface area is larger than 10 m2/g. 
• Cement 
• Two types of cement were used at this stage of the research. Type II cement, CEM II B-M 32.5R, is a 
high early strength cement produced according to SR EN 197-1:2002 code [15]. It is considered to be 
a composite cement with only 65-75% Portland cement and 25-35% ground granulated blast furnace 
slag (GGBS). According to the CEMBUREAU statistics [16], almost two thirds of the cement market 
in Europe corresponds to the use of CEM II cement. The other type of cement used in the experimental 
investigations was ordinary high early strength Portland cement, CEM I 42.5R, also produced 
according to [30]. 
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• Sand 
• The influence of the sand grain size was also considered as a parameter in the present research. Two 
sand types were taken into account with grain sizes between 0 – 0.3 mm and 0 – 1 mm. It has been 
shown that the sand grain size and type have an influence on the material structure of mortars [17, 18]. 
The findings are in accordance with previous research works related to the coarse aggregate size on the 
concrete behavior under uniaxial compression [19].  
• In the present paper, the influence of the maximum sand grain size is investigated from the point of 
view of tensile and compressive strength of mortar prisms. The sand was used in its dry state for each 
mix proportion. 
• Experimental Procedure 
• The specimens were cast in standard size molds having the dimension 40 × 40 × 160 mm. After 24 
hours the specimens were demolded and stored until the day of testing. The testing samples made only 
of ordinary Portland cement and sand were stored in water whereas the specimens made of Portland 
cement, calcium sulphate and sand were stored at room temperature.  
• The specimens for each considered mix proportion were tested at the ages of 1, 2, 3, 7, 14, 21 and 28 
days in order to determine the tensile strength and the compressive strength. The main parameters of 
the research were the type of cement, the sand type and the percentage of cement replacement by the 
calcium sulphate. The mix proportions made with CEM I 42.5R type of cement and considered at this 
stage of the research are summarized in Table 1. The same mix proportions were used for the CEM II 
B-M 32.5R type of cement but only the case of maximum sand grain size of 1.0 mm was considered. 
The water to binder ratio was kept constant for all mix proportions. 
• The sand is considered to fill 50% of the total volume and the remaining percentage is made by the 
binder. The binder consists either of OPC or a mixture of OPC and ACS. Each mix proportion was 
named in terms of cement type, percentage ACS used as well as the maximum grain size of sand. 
Hence, “C” stands for cement, followed by the type of cement, either “I” or “II”. The designation 
continues with a number showing the percentage of ACS considered as replacement for OPC and it 
ends with the specification of the maximum grain size of sand, either “0.3” or “1.0”. 
• The tensile strength of the mineral matrix was determined by means of three point bending test, Fig. 1., 
with a constant loading rate of 0.05 kN/s. Three prismatic specimens were used for each determination 
of the tensile strength. The compressive strength was determined on the two resulting halves of the 
prism, Fig. 2. Prior to that, the two halves were examined for the presence of cracks that might have 
been generated during the three point bending test. The loading rate was 2.4 kN/s for the uniaxial 
compression test. 
 
Table 1. Mix proportions considered in the research (designation only for CEM I) 
Binder 
OPC (CEM I / II) ACS 
Sand Water / BinderSpecimen  
Designation 
% % % % 
CI-0-1.0 50 0 
CI-10-1.0 40 10 
CI-15-1.0 35 15 
CI-20-1.0 30 20 
50 40 
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Fig. 1. Three-point bending test of mortar prism   Fig. 2. Uniaxial compression test on a half prism 
Results and Discussions  
• The results are discussed in terms of tensile strength and compressive strength experimentally 
determined at the ages of 1, 2, 3, 7, 14, 21 and 28 days. The main parameters in this study are the type 
of Portland cement, the maximum grain size of sand and the percentage of ACS used in the mix 
proportion. A total number of 12 mix proportions were considered leading to 144 specimens cast and 
tested. 
• Percentage of cement replacement 
• Figures 3 shows the variation of the tensile strength for the specimens made with CEM II cement and 
maximum sand grain size of 1.0 mm. High values of the tensile strength can be observed at the age of 
24 hours for all testing samples. There is an initial scatter in the values of the tensile strength, between 
3.04 MPa and 4.11 MPa at the age of 24 hours. However, at the age of 7 days, the measured values of 
the tensile strength for each specimen are close to one another, despite the percentage of ACS used to 
replace the Portland cement. After the age of 7 days, the CII-15-1.0 case shows a rapid increase in the 
value of the tensile strength up to 8.76 MPa and stays relatively constant until the end of the 
considered time interval. The reference sample shows a steady increase in the value of the tensile 
strength over the first three weeks and a steeper change during the last week of the time interval. At the 
age of 28 days, the value of the tensile strength for the reference sample comes very close to the value 
of 10.07 MPa recorded for the CII-15-1.0 case. The CII-10-1.0 and CII-20-1.0 case show similar 
behavior, reaching a maximum value of 8.15 MPa for the tensile strength at 28 days.  
• Figure 4 presents the variation of the compressive strength obtained for the mix proportions made with 
CEM II cement. There is a sharp increase in the values of the compressive strength during the first 3 
days. The reference sample continues to gain strength until the age of 28 days. The specimens made 
with difference percentages of green binder shown almost constant values of the compressive strength 
from the age of 7 days until the end of the considered time interval. All specimens made with green 
binder exhibited lower compressive strength values compared to the reference sample but well above 
the required values for normal class civil engineering structures. As with the tensile strength, the CII-
15-1.0 case showed higher values, by as much as 17%, compared to the other specimens having ACS 
in their mix proportions. 
• Based on the results obtained so far it can be concluded that the use of ACS as partial replacement for 
Portland cement is encouraging. The results are even more promising when considered from the point 
of view of the ratio between the tensile and compressive strength. While the reference specimen had a 
ratio of 1/7, all mix proportions with partial replacement of Portland cement had a ratio of 1/4. This 
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could lead to a more rational design of civil engineering structures. 
• Cement type 
• The values of the tensile strength at each considered time stamp are presented in Fig. 5 for the 
specimens made with CEM I cement and a maximum sand grain size of 1.0 mm. It can be observed 
that there is a big scattering of the results for the entire duration of the time interval. The reference 
sample shows a rather constant evolution of the tensile strength, reaching a value of 6.76 MPa at the 
age of 28 days. From the age of 3 days, the CI-20-1.0 case exhibits a sudden increase in the value of 
the tensile strength and the trend remains the same until the age of 14 days. It then slightly decreases 
until the end of the time interval when it reaches a value of 9.38 MPa. This is 15% higher than the CII-
20-1.0 case. This is the only instant when the specimens made with CEM I cement show higher values 
of the tensile strength compared to the specimens made with CEM II cement. 
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Fig. 3. Tensile strength of the CII-1.0 case   Fig. 4. Compressive strength of the CII-1.0 case 
• It can be concluded that the green binder reacts better with the CEM II cement, yielding higher values 
of the tensile strength, by as much as 30%, and less scattering of the results. 
• Figure 6 shows the variation of the compressive strength for the specimens made with CEM I cement 
and sand having a maximum grain size of 1.0 mm. There is less scattering in the obtained values for 
the specimens made with different percentages of green binder. The compressive strength is slightly 
higher at the age of 28 days compared with the samples made with CEM II cement. The obtained 
values are 11% higher than the previous case. 
• The ratio between the tensile and compressive strength for the specimens made with difference 
percentages of ACS is between 1/6 and 1/4, slightly less than in the case of CEM II samples. It can be 
therefore concluded that the type of cement used together with the green binder plays an important role 
in the obtained results. 
• Maximum grain size of sand 
• The same mix proportions made with CEM I cement were considered again but the sand was replaced 
with finer grain sand having a maximum grain diameter of 0.3 mm. 
• Figure 7 shows the variation of the tensile strength for the specimens made with CEM I cement and 
with sand having a maximum grain diameter of 0.3 mm. Similar scattering can be observed in the 
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values of the tensile strength as with the specimens made with the same cement but coarser sand. CI-
15-0.3 and CI-20-0.3 cases show the highest values of the tensile strength. The values are slightly 
higher compared with the samples made with coarser sand. The difference is between 1% and 11%. 
The tensile strength of the reference samples are almost the same in both cases. The overall values are 
still lower compared to the CEM II specimens. 
• The evolution of the compressive strength for the specimens made with CEM I cement and finer sand 
is presented in Fig. 8. The behavior is similar to the samples made with coarser sand and the same 
cement type. However, as with the case of tensile strength, the values are 7.5% higher. This difference 
was recorded only for the specimens with partial replacement of the Portland cement. 
• The ratio between the tensile and the compressive strength varies within the same range with the 
samples made with coarser sand. Based on the obtained results, it can be concluded that the maximum 
grain size of the sand influences the values of both the tensile and the compressive strength but not by 
a significant amount. Higher values were expected for the mechanical properties of specimens made 
with finer sand as it fills the voids better and helps obtaining a more compact mortar. Similar results 
were also reported in literature for mortars [20]. 
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Fig. 5 Tensile strength of the CI-1.0 case   Fig. 6 Compressive strength of the CI-1.0 case 
202  Ionut-Ovidiu Toma et al. / Procedia Engineering 21 (2011) 196 – 203Ionut-Ovidiu Toma, George Taranu, Ana-Maria Toma and Mihai Budescu / Procedia Engineering 00 (2011) 000–000 
2
3
4
5
6
7
8
9
10
11
0 4 8 12 16 20 24 28
CI-0-0.3
CI-10-0.3
CI-15-0.3
CI-20-0.3
Te
ns
ile
 st
re
ng
th
 [M
Pa
]
Age [days]
10
20
30
40
50
60
70
80
0 4 8 12 16 20 24 28
CI-0-0.3
CI-10-0.3
CI-15-0.3
CI-20-0.3
C
om
pr
es
siv
e 
st
re
ng
th
 [M
Pa
]
Age [days]  
Fig. 7. Tensile strength of the CI-0.3 case   Fig. 8. Compressive strength of the CI-0.3 case 
2. Conclusions 
The present paper brings its contribution to the investigation on the use of a new binder, in the form of 
anhydrous calcium sulphate, as partial or total replacement of the ordinary Portland cement in concrete. 
Taking into account that it is made from industrial wastes, most of them unrecyclable, and that its 
production does not involve CO2 emissions, it comes as a prime candidate for solving the problem of 
land fills and the reductions of CO2 emissions from cement plants.  
The experimental investigations show that the use of ACS lead to higher values of the tensile strength 
of mortars compared to the values obtained on reference samples made only with Portland cement and 
sand. This observation is valid for percentages of ACS between 15 – 20% of the total volume and does 
not depend on the type of cement or on the maximum grain size of sand. This strongly recommends the 
ACS as a viable solution for the replacement of Portland cement in civil engineering practice. However, 
there is a need for further investigations in this field, mainly related to the expansive behavior of the 
mineral matrix made with different percentages of anhydrous calcium sulphate.  
The use of CEM II composite cement yields better results in terms of the tensile strength and scattering 
of the obtained values. On the other hand, the use of CEM I cement leads to higher values of the 
compressive strength by as much as 11 %. 
The maximum grain diameter of the sand seems to have a larger influence on the tensile strength, 11%, 
than on the values of the compressive strength, 7.5%. In both cases, the higher values are obtained for the 
specimens made with finer sand. 
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